Lactobacillus vespulae sp. nov., isolated from gut of a queen wasp (Vespula vulgaris) Van Species of the genus Lactobacillus have been isolated from a wide range of hosts and environmental materials (London, 1976; Claesson et al., 2008) . The lactic acid bacteria (LAB) comprise a heterogeneous group that converts lactose and other simple sugars to lactic acid. LAB inhabit the intestinal tracts of humans and other mammalian and vertebrate species, and may provide benefits to their natural hosts (Patterson & Burkholder, 2003; Ohashi & Ushida, 2009) through their role in maintaining intestinal ecosystems (Sandine, 1979) . For this reason the LAB are prepared and consumed as 'probiotic' supplements (Ouwehand et al., 2002) .
isomers in a ratio of 22.5 : 77.5 (v/v) . The major fatty acids were summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c), C 16 : 0 , C 18 : 1 v9c and C 18 : 0 .The peptidoglycan structure was of the A4a (L-Lys-D-Asp) type. Cell-wall sugars were glucose, galactose and ribose. The DNA G+C content was 35.5¡1.3 mol%. Based on phenotypic and genotypic properties, strain DCY75
T represents a novel species of the genus Lactobacillus, for which the name Lactobacillus vespulae sp. nov. is proposed. The type strain is DCY75 T (5KCTC 21023
Species of the genus Lactobacillus have been isolated from a wide range of hosts and environmental materials (London, 1976; Claesson et al., 2008) . The lactic acid bacteria (LAB) comprise a heterogeneous group that converts lactose and other simple sugars to lactic acid. LAB inhabit the intestinal tracts of humans and other mammalian and vertebrate species, and may provide benefits to their natural hosts (Patterson & Burkholder, 2003; Ohashi & Ushida, 2009) through their role in maintaining intestinal ecosystems (Sandine, 1979) . For this reason the LAB are prepared and consumed as 'probiotic' supplements (Ouwehand et al., 2002) .
In eukaryotes, symbiotic associations present stimuli for adaptation and genetic divergence. Arthropods serve very well as model systems for study of such associations, especially since Paul Buchner's (1965) seminal work demonstrating the diversity of micro-organisms associated with insects. Communities of symbiotic and transient micro-organisms in digestive tracts of insects support studies of microbial diversity and of metabolic activities that may lead to discovery of new bioactive products (Breznak, 2004; Evans & Armstrong, 2006) . Advances in sequencing methods have enabled the extension of these investigations to a wide range of insects (Broderick et al., 2004; Moran et al., 2012) . Vagococcus entomophilus was isolated from the digestive tract of a wasp (Vespula vulgaris) (Killer et al., 2014b) . The honey bee presents an interesting model for such studies because gut microorganisms facilitate digestion, nutrition and immune defences in their host (Engel et al., 2012; Killer et al., 2014a) .
This study was conducted to explore the intestinal microflora of the wasp. We isolated, cultivated and preserved a novel Lactobacillus-like strain, and here characterize it using a polyphasic approach. Samples were collected from an apiary in the Republic of Korea. A wasp (Vespula vulgaris queen) was sterilized externally with 70 % alcohol and dissected under sterile conditions. Whole intestinal tracts were washed by centrifugation and suspended in saline solution (0.85 %, w/w, NaCl). Samples of 100 ml were spread on MRS agar plates under aerobic conditions at 30 8C. Single colonies were purified by transfer to new MRS agar plates. Strain DCY75 T was maintained in MRS broth containing 25 % glycerol at 280 8C.
Genomic DNA of strain DCY75
T was isolated using a Gene All Genomic DNA Isolation kit according to the manufacturer's instructions. The 16S rRNA gene sequence of strain DCY75
T was amplified using universal bacteria primer sets 27F, 518F, 800R and 1492R (Lane, 1991; Anzai et al., 2000) . To determine the phylogenetic position of strain DCY75 T more specifically and accurately, partial sequencing of the phenylalanyl-tRNA synthase ( pheS) gene and RNA polymerase alpha subunit (rpoA) gene was performed by using pheS and rpoA primers pheS-21-F, pheS-23-R, rpoA-21F and rpoA-23R. The conditions for amplification and sequencing of the pheS and rpoA genes were as described by Naser et al. (2005) . Subsequently, the purified PCR products were sequenced by Genotech (Daejeon, Republic of Korea) as described by Kim et al. (2005) . The almostcomplete sequence (1405 bp) of the 16S rRNA gene was assembled with SeqMan software version 4.1 (DNASTAR) and the BioEdit program (Hall, 1999) . Phylogenetic neighbours were identified and pairwise 16S rRNA, pheS and rpoA gene sequence similarities were calculated using the EzTaxon-e server (Kim et al., 2012) and NCBI BLAST program (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The almostcomplete 16S rRNA and pheS gene sequences determined in this study were aligned with reference sequences from the genus Lactobacillus and related taxa by using the CLUS-TAL X program (Thompson et al., 1997) . Distance matrices for aligned sequences were calculated using the twoparameter method of Kimura (1983) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch et al., 1971) and maximum-likelihood algorithms by using the MEGA 5 program (Tamura et al., 2011) . The resultant tree topologies were evaluated by bootstrap analysis on the basis of 1000 replicates (Felsenstein, 1985) .
Phylogenetic analysis, based on 16S rRNA gene sequences, showed that strain DCY75 T belonged to the genus Lactobacillus. Strain DCY75
T formed a monophyletic cluster with Lactobacillus sanfranciscensis ATCC 27651 T in the maximum-likelihood tree (Fig. 1) . This cluster was also recovered in the tree generated with the neighbour-joining and maximum-parsimony algorithms (Fig. S1, Fig. S3 . Analysis of the pheS and rpoA gene sequences clearly showed higher resolution than analysis of the 16S rRNA gene sequence and suggests that strain DCY75
T represents a novel species within the genus Lactobacillus.
To determine G+C content, genomic DNA of strain DCY75
T was extracted and purified using the Gene All Genomic DNA Isolation kit, and degraded enzymically into nucleosides as described by Mesbah et al. (1989) . Samples containing 10 mg DNA in 10 ml volumes were heated in a boiling water bath for 5 min and then cooled in ice water. The denatured DNA solutions were mixed with nuclease P1 solution (10 ml of 20 U ml 21 ), and incubated at 37 8C for 1 h. Glycine buffer (10 ml at pH 10.0) and alkaline phosphatase (10 ml of 40 U ml
21
) were added to each sample, and incubated further for 1 h at 37 8C. The G+C content was determined in triplicate. The genomic DNA of Escherichia coli strain B (D4889; Sigma-Aldrich) was used as a standard. The nucleoside mixtures were separated by HPLC [model, NS-6000A, Futecs; reversed-phase column YMCTriart C18 (4.66250 mm65 mm); flow rate 1.0 ml min
; wavelength 270 nm; and 25 mM NH 4 H 2 PO 4 /acetonitrile (20 : 1, v/v) as mobile phase]. The DNA G+C content of strain DCY75
T was 35.5¡1.3 mol% (mean¡SD), which falls within the range reported for the genus Lactobacillus (32-59.2 mol%) (Hammes & Hertel, 2009; Cai et al., 2012) .
Colony appearance was examined after incubation at 30 8C for 3 days. The motility of strain DCY75
T was observed by microscopy at 10006 magnification (Nikon Optiphot-2) with cells grown on MRS agar (Difco) for 1 day at 30 8C. Gliding motility was tested using a hanging-drop technique (Bernardet et al., 2002) . Occurrence of flagella was evaluated by transmission electron microscopy with cells grown on MRS agar at 30 8C for 24 h. Cells were suspended in a drop of deionized water and placed on carbon-and Formvar-coated nickel grids for 30 s. Grids were floated on one drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed with a Carl Zeiss electron microscope (LOE912AB) at 100 kV under standard operating conditions. Gram staining was performed using a bioMérieux kit according to the manufacturer's instructions. The temperature optimum of strain DCY75
T was tested by growth in MRS, TPY and Rogosa broth and on MRS agar at 4, 10, 20, 28, 30, 37 and 40 8C for 7 days. Tolerance of salinity was evaluated in MRS, TPY and Rogosa broth supplemented with NaCl at 0.0-10.0 % (w/v) adjusted in 0.5 % increments for 5 days at 30 8C under aerobic conditions; anaerobic growth was tested on MRS, TPY and Rogosa agar plates. Growth was assessed at pH 2.0-10.0 (at intervals of 0.5 pH units) (Sorokin. 2005) . Catalase activity was determined by production of bubbles after addition of a drop of 3 % (v/v) H 2 O 2 solution. Oxidase activity was tested by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioMérieux) according to the manufacturer's instructions. Hydrolysis of arginine was tested in MRS broth without glucose and meat extract but containing 0.3 % arginine and 0.2 % sodium citrate. Production of ammonia was detected by using Nessler's reagent (Schillinger & Lücke, 1987) . The commercial BD GasPak EZ gas-generating system (Becton Dickinson) was used to test anaerobic growth. Strain DCY75
T was grown on MRS, Rogosa and YPD agar medium at 30 8C for 10 days under anaerobic conditions by use of a BD GasPak EZ pouch (Becton Dickinson) with an anaerogen sachet in the pouch. Gas production from growth on glucose was tested with Durham tubes and production of DL-lactic acid from glucose was tested using the DL-Lactic Acid Test kit (Boehringer Mannheim). Dextran production was tested by growth on MRS agar without glucose but containing 2 % sucrose as described by Garvie (1986) . Physiological characteristics including carbohydrate utilization and enzyme activities were determined using the API 50 CHBL, API ZYM and API 32A systems (bioMérieux), according to the manufacturer's instructions. Antibiotic susceptibility of strain DCY75
T and L. sanfranciscensis ATCC 27651
T was evaluated using Oxoid antibiotic discs, on Müeller-Hinton agar plates incubated at 30 8C for 48 h as described by Bauer et al. (1966) . The inhibition zone was interpreted according to the manufacturer's manual. The antibiotic discs contained: penicillin G (10 U), erythromycin (15 mg), cefazolin (30 mg), oleandomycin (15 mg), ceftazidime (30 mg), vancomycin (30 mg), tetracycline (30 mg), novobiocin (30 mg), carbamicillin (100 mg), rifampicin (5 mg) and neomycin (30 mg).
Cells were non-flagellated, rod-shaped (approx. 0.44-0.4661.06-1.58 mm) (Fig. S4 ). Colonies were ivory white, convex, circular and 0.5-1.8 mm in diameter after 3 days of growth on MRS medium under aerobic conditions. The strain was Gram-stain-positive, oxidase-and catalase-negative, non-motile and facultatively anaerobic. Growth occurred at 4-37 8C (optimum at 30 8C). The pH range for growth was 3.5-8.0 (optimum, pH 5.0-6.0). Growth occurred at NaCl concentrations from 0 to 7.0 % (w/v). Gas was produced from glucose. Strain DCY75 T produced DL-lactic acid isomers at a ratio 22.5 : 77.5 (v/v). Dextran production was positive, but ammonia was not produced from arginine. Strain DCY75
T was sensitive to penicillin G, erythromycin, cefazolin, oleandomycin, ceftazidime, tetracycline, novobiocin, carbamicillin and rifampicin, intermediately resistant to neomycin and resistant to vancomycin. L. sanfranciscensis ATCC 27651 T was resistant to neomycin, vancomycin, ceftazidime and rifampicin, and intermediately resistant to tetracycline; results for other antibiotics used in this study were similar those for strain DCY75 Weiss & Schillinger (1984) . DData from Back et al. (1996) . and L. lindneri DSM 20690 T but a negative reaction was obtained for L. sanfranciscensis ATCC 27651
T . Other enzyme reactions of strain DCY75 T using the API rapid ID 32A assay gave similar results to the reference strains (Table 1) . The results of other physiological and biochemical analysis are summarized in the species description below.
For fatty acid analysis, strain DCY75
T and the two reference type strains were grown on MRS agar (Difco) for 1 and 2 days at 30 8C. Bacterial cells were harvested and wholecell fatty acid methyl esters from triplicate samples were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) and analysed by capillary GLC (Hewlett Packard 6890) using the microbial identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial Database (TSBA6.1) (Sasser, 1990) . Fatty acid analysis was performed in triplicate. Fatty acid standards (Part no. 1300-C) were purchased from MIDI. The polar lipids were analysed as described by Minnikin et al. (1984) , with the following chromatographic systems: chloroform/methanol/water (65 : 25 : 4, by vol.) used in the first direction and chloroform/acetic acid/methanol/ water (80 : 18 : 12 : 5, by vol.) in the second direction. The cell-wall composition was determined according to Schleifer & Kandler (1972) by using TLC on cellulose sheets. Whole-cell sugars were determined by TLC as described by Becker et al. (1965) . The major fatty acids (.10 %) of strain DCY75
T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), C 16 : 0 , C 18 : 1 v9c and C 18 : 0 (Table 2) . This profile was similar to those of the two reference strains. C 16 : 0 and C 18 : 0 were at higher proportions in strain DCY75
T than in L. lindneri DSM 20690 T . C 20 : 0 (6.3 %) and C 20 : 1 v7c (23.4 %) were found at higher proportions in L. lindneri DSM 20690
T than in strain DCY75
T and L. sanfranciscensis ATCC 27651 T (trace levels). The principal polar lipids were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), one glycolipid (GL1) and one unidentified aminophospholipid (APL), along with minor or trace amounts of one unidentified phosphoglycolipid (PGL), one glycolipid (GL2) and an unidentified polar lipid (L). Most major polar lipids (PG, GL1, L1, APL) were present in strain DCY75 T and the two reference strains, although diphosphatidylglycerol was present in strain DCY75
T and L. lindneri DSM 20690 T but not in L. sanfranciscensis ATCC 27651 T . Unidentified polar lipid L2 was present in L. lindneri DSM 20690 T only (Fig. S5 ).
The total hydrolysate of the peptidoglycan of strain DCY75 T contained the amino acids lysine, alanine, aspartic acid and glutamic acid. Cell-wall sugars were glucose, galactose and ribose. The diagnostic amino acids for the cell wall of strain DCY75T were lysine and aspartic acid, indicating an A4a (L-Lys-D-Asp) peptidoglycan type (Schleifer & Kandler, 1972) . The peptidoglycan structure of strain DCY75
T was the same as for L. lindneri DSM 20690
T , but different from L. sanfranciscensis ATCC 27651 T , the last named having a peptidoglycan type based on L-Lys-L-Ala (Weiss & Schillinger, 1984) .
Based on the phylogenetic, phenotypic and chemotaxonomic data obtained, strain DCY75
T belongs to the genus Lactobacillus. Phenotypic differences and genetic variation indicate that strain DCY75
T can be distinguished clearly from its closest phylogenetic neighbours. Therefore, strain DCY75
T represents a novel species of the genus Lactobacillus, for which the name Lactobacillus vespulae sp. nov. is proposed.
Description of Lactobacillus vespulae sp. nov.
Lactobacillus vespulae (ves9pu.lae. N.L. gen. n. vespulae of the wasp Vespula).
Cells are Gram-stain-positive, oxidase-and catalasenegative, non-motile, non-flagellated, rod-shaped, approximately 0.44-0.46|1.06-1.58 mm and facultatively anaerobic. Colonies are ivory white, convex, circular and 0.5-1.8 mm in diameter after growth for 3 days on MRS medium at 30 uC. Growth occurs at 4-37 uC (optimum, 30 uC), at pH 3.5-8.0 (optimum, pH 5.0-6.0) and with j7.0 % NaCl. Gas is produced from glucose. Cells are sensitive to penicillin G, erythromycin, cefazolin, oleandomycin, ceftazidime, tetracycline, novobiocin, carbamicillin and rifampicin, intermediately resistant to neomycin, but resistant to vancomycin. Using the API ZYM kit, activities are detected for esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase, Positive Rapid ID 32A reactions are obtained for a-glucosidase, glutamic acid decarboxylase, alkaline phosphatase, arginine arylamidase, leucyl glycine arylamidase, phenylalanine arylamidase, leucine arylamidase, tyrosine arylamidase, alanine arylamidase, glycine arylamidase, histidine arylamidase, serine arylamidase, proline arylamidase and pyroglutamic acid arylamidase. All of the other tests (for urease, arginine dihydrolase, a-galactosidase, b-galactosidase, b-glucosidase, b-galactosidase 6-phosphate, a-arabinosidase, b-glucuronidase, N-acetyl-bglucosaminidase, a-fucosidase, nitrate reduction, indole production, glutamyl glutamic acid arylamidase, and fermentation of mannose and raffinose) are negative. Produces D-and L-lactic acid isomers in a ratio of 22.5 : 77.5 (v/v). The major fatty acids are summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), C 16 : 0 , C 18 : 1 v9c and C 18 : 0 . The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, one glycolipid and one unidentified aminophospholipid. The peptidoglycan type is A4a (L-Lys-D-Asp). Cell-wall sugars are glucose, galactose and ribose. Dextran production is positive; ammonia is not produced from arginine.
The type strain, DCY75 T (5KCTC 21023 T 5JCM 19742 T ), was isolated from gut of a queen wasp (Vespula vulgaris) in Republic of Korea. The DNA G+C content of the type strain is 35.5 + 1.3 mol% (HPLC).
